ABSTRACT. Our aims were to determine the frequencies of feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV) in owned and stray cats in the northeastern region of Brazil, ascertain the status of FeLV infection, and investigate potential associated factors among the owned cats. Blood samples from 200 asymptomatic owned cats and 30 stray cats were processed using nested PCR and commercial immunochromatographic tests to diagnose infections. To evaluate the factors associated with FIV and/or FeLV in owned cats, a semistructured interview was conducted with each owner about the animal's environment, and these data were subjected to unconditional logistic regression. The frequencies for owned cats were 6% (12/200) and 3% (6/200) for FIV and FeLV, respectively. No owned cat was positive for both viruses. Stray cats showed frequencies of 6.66% (2/30) and 0% (0/30) for FIV and FeLV, respectively. Contact with other cats and living in peri-urban areas were considered to be risk factors (P < 0.05) for FIV. We did not identify any factors associated with infections with 2 L.C. Lacerda et al.
INTRODUCTION
The feline immunodeficiency virus (FIV) and the feline leukemia virus (FeLV) are two clinically important retroviruses that affect the health of domestic and wild felids around the world (Courchamp et al., 1997; Hartmann, 2011; Filoni et al., 2012) . The distribution of animals infected with these retroviruses varies considerably depending on the geographic region, the feline population evaluated, and the diagnostic method chosen (Luria et al., 2004; Levy et al., 2008; Gleich et al., 2009 ). This explains the variations of seroprevalence from 2.5 to 31.3% for FIV and from 2.3 to 30.4% for FeLV that have been found in studies from different parts of the world (Arjona et al., 2000; Levy et al., 2006; Bande et al., 2012) . In Brazil, the seroprevalence ranges from 5.6 to 16.7% for FIV and from 0.33 to 32.5% for FeLV (Teixeira et al., 2007; Macieira et al., 2008; Sobrinho et al., 2011) and, additionally, the infection rates found using molecular tests have ranged from 2 to 15.7% for FIV and from 0.5 to 47.5% for FeLV (Coelho et al., 2011; Marçola, 2011; Silva et al., 2014) .
The risk factors associated with the presence of FIV and/or FeLV are closely related to the infection routes of the virus and the susceptibility of the host. Sexually intact male and aggressive cats that have access to the streets or that live in areas with high population density are at greater risk of coming into contact with the agents (Levy et al., 2006; Gleich et al., 2009; Greggs et al., 2011) .
Serological testing to search for FIV antibodies and FeLV p27 antigen is the most common routine clinical technique. Performing this testing in association with polymerase chain reaction (PCR) not only enables identification of the provirus, independently of the presence of FIV antibodies or of FeLV antigenemia, but also makes it possible to determine the different outcomes from infection by FeLV (Herring et al., 2001; Hofmann-Lehmann et al., 2001; Englert et al., 2012) .
Given the importance and severity of FIV and FeLV infections in cats, and the lack of information about these infections in northeastern Brazil, this observational study aimed to determine the frequencies of these two retroviruses in owned cats and stray cats using complementary molecular and serological tests. Additionally, this study aimed to investigate possible factors associated with infection among owned cats.
MATERIAL AND METHODS

Location of the study and sampling design
Between February 2012 and April 2013, we carried out an epidemiological study of analytical cross-sectional design in the cities of Ilhéus (14°47''S; 39°02''W) and Itabuna (14°47''S; 39°16''W), which are within the microregion of Ilhéus-Itabuna, Bahia, Brazil. Through non-probability sampling, 200 cat owners were selected from the records of veterinary clinics in the region. Blood samples were collected from these animals in their homes. The inclusion criteria were: 1) it needed to be asymptomatic, i.e., clinical examination did not show any abnormalities suggestive of systemic disease such as vomiting, diarrhea, weight loss, nasal secretion, or neoplasia (Collado et al., 2012) , 2) it had to be 6 months of age or over. In addition to these animals, 30 samples from stray cats were sent by veterinarians at the zoonosis control centers of these cities. We did not have any information on the health status of the stray cats. The study was conducted in accordance with the principles of bioethics and animal welfare, under the protocol number 011/12 (CEUA/UESC).
Factors associated
To evaluate factors associated with FIV and/or FeLV positivity, a semi-structured questionnaire was completed for each sampled cat. The data recorded included: gender, age (<2 years vs ≥2 years), pure breed, castrated, fight history, bites history, living in apartment, living in peri-urban area, contact with other cats, city (Itabuna vs Ilhéus), and FIV and/or FeLV status.
Serological tests for FIV and FeLV
We tested the serum samples through commercial immunochromatographic tests: the FIV ac/FeLV Ag Test Kit (Alere ® ), following the manufacturer's recommendations.
Extraction of genomic DNA and PCR for FIV and FeLV
We extracted genomic DNA from total blood using a commercial kit (QIAamp DNA Blood Minikit; Qiagen TM ), following the manufacturer's recommendations. All the samples were subjected to nested PCR for FIV and FeLV. The samples that presented negative results underwent a reaction to the gene of the GAPDH enzyme. For amplification of the proviral DNA of FIV, we carried out nested PCR in which the two reactions, each with a final volume of 25 µL, were composed of: 10X buffer; 2.0 mM MgCl 2 ; 0.2 mM of each dNTP; 1 µM of each primer; and 1.25 U Taq DNA polymerase. In the first reaction, we added 5 µL DNA of the sample to be tested, and 2 µL of the product from this reaction was used to perform the second reaction. Ultrapure sterile water was used to complete the final volume of the reactions. The two reactions used the same amplification protocol, consisting of initial denaturation at 95°C for 5 min, followed by 30 cycles at 95°C for 45 s, 58°C for 45 s and 72°C for 45 s, and a final extension at 72°C for 5 min. The composition of the reactions and amplification protocols was adapted from Marçola (2011) .
To assess the proviral DNA of FeLV, we carried out nested PCR. Both reactions presented final volumes of 25 µL, containing 10X buffer; 2.0 mM MgCl 2 ; 0.2 mM of each dNTP; 0.4 µM of each primer; and 1.25 U Taq DNA polymerase. In the first reaction, we added 5 µL DNA of the sample to be tested, and 2 µL of the product from this reaction was used to perform the second reaction. We used ultrapure sterile water to complete the final volume of the reactions. The amplification protocols consisted of initial denaturation at 94°C for 7 min, followed by 33 cycles at 94°C for 55 s, 55.3°C for 55 s in the first reaction and 59.5°C for 55 s in the second reaction, and 72°C for 1 min and 10 s; with a final extension at 72°C for 7 min. The composition of the reactions and amplification protocols was adapted from Guimarães (2008) .
To verify the integrity of the DNA and the absence of potential inhibitors, we subjected negative samples to PCR for the gene of the GAPDH enzyme. The reaction, with a final volume of 25 µL, comprised 10X buffer; 2.0 mM MgCl 2 ; 0.2 mM of each dNTP; and 1.25 U Taq DNA polymerase with 5 U/µL and 5 µL DNA of the sample to be tested. The amplification protocol consisted of initial denaturation at 95°C for 5 min, followed by 40 cycles at 94°C for 30 s, 52°C for 1 min and 72°C for 1 min, with a final extension at 72°C for 5 min. The composition of the reactions and amplification protocols was adapted from Marçola (2011).
Statistical analysis
The results from the nested PCR and serological tests on both retroviruses, together with the data obtained in the interviews, were tabulated and subjected to Spearman's correlation (P ≤ 0.8) to determine collinearity, through the Bioestat 5.0 ® software, thus forming the preliminary model for unconditional logistic regression. We built the final model through input and output of variables (backward system), using EPI INFO version 3.5.2.
RESULTS
Among the 200 owned animals in this study, we found that the frequency of FIVpositive animals was 6% (12/200; 95%CI: 3.1-10.2%) through using the two techniques. Of these, seven were positive to both tests, one was positive only for nested PCR and four were positive only for FIV antibodies. In diagnosing FeLV, 3% (6/200; 95%CI: 1.1-6.4%) were positive for FeLV, among which one was positive in both tests, three were positive only in the nested PCR and two were positive only for the FeLV p27 antigen. Among the stray cats, the frequency of animals positive for FIV was 6.6% (2/30; 95%CI: 10.8-22.1%) through the two techniques and no animals were positive for FeLV. No owned cat was positive for both viruses. All the samples that were negative for FIV or FeLV tested positive for GAPDH.
In the population of owned cats, the variables "living in peri-urban area" and "contact with other cats" were risk factors for FIV in the logistic regression ( Table 2) . None of the variables was significant for FeLV in unconditional logistic regression. We did not perform any multivariate analysis on the stray cats because of the lack of information on the animals that formed the study sample. 
DISCUSSION
Among the 200 owned cats, the results demonstrated that both FIV and FeLV were present at low frequencies, thus corroborating the results from other epidemiological studies that were also conducted among owned cats that lacked clinical or laboratory signs that might suggest infections (Reche Jr et al., 1997; Arjona et al., 2000; Caxito et al., 2006) . On the other hand, in studies on hospitalized animals and animals showing clinical and laboratory signs compatible with these infections, the prevalence values are commonly found to be higher (Macieira et al., 2008; Coelho et al., 2011) .
Control and prophylaxis procedures such as rapid tests for diagnosis and vaccination were listed by Gleich et al. (2009) as the possible reasons for the low seroprevalence of FeLV found in their study. However, these procedures have not yet become commonly used in routine care in the region studied here, and this is partially because of the lack of information on the prevalence of infections caused by retroviruses. In Brazil, vaccine is only available for FeLV. The high mortality rate induced by FeLV (Addie et al., 2000) and the different courses of the infection that can develop through virus-host interactions may also explain the low frequency of infection that we observed in our study.
We did not observe any coinfections between these retroviruses, which suggest that the agents present different locations, or even that FIV-and FeLV-positive animals may die more quickly due to synergism and potentiation effects caused by the two retroviruses. Pedersen et al. (1990) showed that FeLV-positive animals infected experimentally with FIV presented anorexia, fever, diarrhea, weight loss, and leukopenia with greater severity. The study conducted by Courchamp et al. (1997) supports this claim, through reporting that the impact of coinfection among retroviruses is greater than the sum of the effects of each disease examined separately.
As a complementary investigation, we performed serological tests and nested PCR on all animals. Among the FIV-positive animals, four cats were only positive for the presence of antibodies. We excluded the factors that could alter the frequency results, such as animals below 6 months of age, which might still have maternal antibodies against FIV. In Brazil, the FIV vaccine is not available yet, and therefore will not have interfered with the results. However, a PCR test negative for FIV may reflect a level of viral nucleic acid below the detection limit, or an FIV strain that is not detected by the assay (Little et al., 2011) . In addition, PCR for GAPDH was performed on the negative samples, thus ensuring the integrity of the DNA. However, false positives are not uncommon in serological tests (Tozon et al., 2008) . Thus, we also found that one cat was only positive through the nested PCR: this animal was possibly at an early stage of infection (when the proviral DNA can be detected in the peripheral blood before antibodies can) (Ohkura et al., 1997) . Among the FeLV-positive animals, we found three cats that were negative for p27 and positive through nested PCR, which suggests that regressive/latent infections were present in these animals. The primers that we used in our study are able to detect three types of FeLV (A, B, C), thus allowing confirmation of the presence of exogenous proviral DNA for FeLV in blood cells (Miyazawa and Jarrett, 1997) .
The factors associated with infections by FIV most commonly seen in the literature consulted were gender, age, history of fights, and access to the streets, which were all related to transmission of the virus through bites (Arjona et al., 2000; Levy et al., 2006) . In our study, contact with other cats was correlated with infection, although the owners did not identify aggressive behavior in relation to other cats. Addie et al. (2000) proposed that FIV transmission is possible even without the presence of aggression among cats, such that mutual contact between FIV-positive cats and susceptible cats, or sharing of feeding bowls, could be sufficient for transmission of viruses. We also made a correlation between living in peri-urban areas and higher chances of contact between negative cats and FIV-infected cats. These results indicate that this retrovirus is distributed heterogeneously in our region.
Through analyzing the results from the population of stray cats, we expected to find higher frequencies of these two retroviruses, given that these animals may have constant intimate interaction with several other cats. However, this was not confirmed. In our study, we observed similar frequencies among owned cats and stray cats, as also observed by Lee et al. (2002) and Luria et al. (2004) . These findings contribute towards the hypothesis that in the populations studied there is a low level of endemic disease, although the small number of samples from the stray cat population may also have affected the results.
This study showed the presence of both of these retroviruses in this region. Use of different diagnostic techniques allowed us to determine their frequencies in feline populations more accurately, particularly with regard to infections by FeLV, which has complex pathogenesis. Lastly, given that the presence of infected animals in the region under study has been confirmed, it is necessary to adopt preventive measures, through use of the vaccines available, investigations on the serological status of new pets, and restriction of access to the streets.
